Introduction
Digital libraries are collections of information represented as digital text, images, audio files, video files and other media, and are gaining increasing importance in people's everyday activities due to their continuously updated contents and services. Digital libraries store great amounts of a variety of information and deliver associated services to user communities using a variety of technologies (Frias-Martinez, Magoulas, Chen, & Macredie, 2006) . Although many websites provide a great deal of media including text, pictures, animation and maps, a rich assortment of media does not necessarily guarantee the valid delivery of information. In fact, most websites are structured for navigation according to the classification of materials, rather than the cognitive abilities of learners. Previous studies have reported that multimedia contents for navigation do nothing to help in the comprehension of knowledge (Eveland & Dunwoody, 2000; Nilsson & Mayer, 2002; Schwartz, Verdi, Morris, Lee, & Larson, 2007) . On the contrary, learners actively organize what they read to develop their own cognitive models to maintain the internal structure of the knowledge (Ausubel, 1978) . Therefore, the content structured according to users' conceptual models will be appropriate for learners of diverse backgrounds. This chapter described the experiences of designing and promoting web-based learning environments with integrated digital libraries through a sequence of projects across a number of years.
Digital archives project

Background
The National Digital Archives Program (NDAP), sponsored by the National Science Council of Taiwan, was launched in 2002 (NDAP, 2003) . The purpose of this program is to promote and coordinate content digitization and preservation at leading museums, archives, universities, research institutes and other content holders in Taiwan. Since 2002, the program has being digitizing Taiwan's natural treasures and cultural heritage in order to be preserved and utilized in the digital era. However, another goal of the NDAP is to promote the utilization of the digital archives. Its missions are to popularize knowledge, improve information sharing, enhance education and life-long learning, as well as to improve literacy, creativity and quality. To achieve these goals, the training and promotion division under the NDAP has started projects to integrate NDAP resources with the curriculum in elementary and high schools. The author, also a researcher of the above projects, designed a sequence of activities to promote the application of digital archives in the educational community. In doing so, the researcher first formed teams consisting of college and graduate students and in-service teachers, as well as scholars, and then provided basic training on the topic. When handling these projects, team members were asked to browse the available resources and interact with potential users in order to implement system and determine its usefulness. The information that emerged from the interaction with people in the educational community and from the process of solving various problems made the project more complete.
Integrating GIS with digital libraries
In the information age, activities in the real world are recorded in digital forms. People tend to use space, either physical or cyber, as a framework for understanding information (National Research Council, 2006) . According to geography researchers, Geographic Information System (GIS) supports contextually rich student learning by extending the ability to perform inquiries, promoting in-depth data explorations, and by giving meaning to their works. Particularly for projects in the school community, GIS can facilitate the datato-information transition by providing the essential interpretive context that gives meaning to the data (National Research Council, 2006) . Social studies and geography are subjects that involve concepts of time and space, which must be integrated to understand the historical implications of land and culture, as well as changes in nature and humanity. Using space as a framework to understand domestic affairs helps students synthesize complex information regarding history and geography during instruction. According to Bunch and Lloyd (2006) , the constructive use of maps in classrooms can promote the communication of information that is often too complex to easily express with words. With the ability to efficiently provide large amounts of visual information, mapping tools such as GIS offer new ways to present spatial information and deliver an engaging learning experience. As a tool for the presentation of location-based subject matter, GIS has helped social scientists to search for patterns and order in society and discover knowledge in cyberspace (Slocum, 1999; Sui, 2004) . Based on the aforementioned rationale, this study designed websites with GIS interfaces covering geography and digital libraries to help students interact and learn through the use of digital archives. After evaluating the available resources of digital archives and the feasibility of the projects, this study decided to use web-based GIS technologies and Flash animations to produce works useful for young students. The project was implemented in three stages: the implementation stage, the promotion stage and the enhancement stage.
Implementation stage: Integrating with electronic maps
Contents
Chiayi, a historical city in Taiwan, has played an important role in the past hundred years of Taiwan history. Thematic information about Chiayi includes language, history, geography, nature and arts. Data related to Chiayi City is identified in some of the archives, which consists of different types of data including images, texts, maps, drawings and sound collections. To reduce the waiting time for visualization, a client-server architecture was implemented. The front-end interface used Flash technology and the web server stored the archive data.
Design
GIS provides the users with intuitive perception through information visualization. Atlases and photos describe the landscape created by either natural processes or human activities during a period of time, annotate what happened during specific space-time conditions, and reflect the culture of a place (Summerby-Murray, 2001 ). Reviewing maps of the same place from different periods can assist users to rehabilitate history and understand changes in the environment, society and culture. In order to correlate unstructured information such as images, sounds, drawings and textual descriptions with spatial information, the system designed three levels of interaction to represent the complex associations: an interactive map, a time map and a hyperlinked map. There were two main user interface designs to facilitate learning. The first component was an interactive map. Layers of maps, which are similar to GIS, were used as the information visualization technology to organize and display various kinds of information for every point on a computerized map. This involved powerful, complex computer databases that organized information around a specific location (see Fig. 1 ). Users could select a thematic representation or an automatic combination of layers of maps. The thematic representation was selected and tested as a better view to comprehend the information about a specific topic about Chiayi (see Fig. 2 ). The other design was a time map. Three major challenges for a time-series data exploration system are providing algorithms for the analysis and creation of metadata, filtering out data that is uninteresting, and the interactive exploration of the regions of interest. In this project, a time map was used a tool to filter out uninteresting data (Grady, Flanery, Donato, & Schryver, 2002) . Sliders, which are a generic user input mechanism for specifying a numeric value from a range, were used to control a threshold filtering the entities shown on the display. In this level of interaction, the time map provided users with a tool to move between different representations, thereby enabling them to explore the data from several perspectives. The data visualization slider, designed as a chronicle scale, was tied to a set of map layers. A user operated the slider by holding down the left mouse button and moving to a new position. Information within the time interval would be displayed on the map (Figure 3) . In addition, a hyperlinked map was designed to retrieve further information. A straightforward approach of enabling users to dynamically retrieve time-sensitive information is to link further information to the entities distributed over the map, based on the values in the chronicle field (Risch, et al., 1997) . Users were able to click on each entity shown on the map and retrieve additional information through a pop-up window that appeared. By clicking on keywords on the windows, the hyperlinks would display more information stored in the original archives (Figure 4 ). 
Instruction and evaluation
To evaluate the effects of these learning environments, two empirical studies were conducted in two elementary schools respectively (see Figure 5 ). In the first study, the subjects were 32 fourth-grade students. The teacher integrated the electronic map and digital archives with classroom instruction. The achievement test after instruction showed that the students performed significantly better than those under traditional instruction. In the second study, project-based learning activities were arranged to collect qualitative data for assessment. After becoming familiar with the resources, the students were divided into several groups to complete their own project. The project for each group was to construct a thematic map based on the electronic map and digital resources. Students in each group participated in the activities of discussing the theme, distributing tasks, collecting data, constructing the map and preparing a slide to present their works. Analysis showed that the students possessed a positive attitude toward using digital libraries for constructing their own presentation. In addition, the teacher was convinced of the educational advantages of using digital archives. Through watching the students working together as a team, she realized that the digital archives were playing the role of mediating the students' active learning. In addition to factual knowledge, the students also learned by doing.
Fig. 5. Two teachers using digital libraries in classroom instruction
Promotion stage: Additional media and workshops
Extension and promotion
The successful experience encouraged the research team to promote additional learning resources. Resources on Chiayi City and Chiayi County were developed in the previous stage. However, there are 16 cities or counties in Taiwan. The research team utilized the same design pattern to create resources on the other 14 cities or counties (see Figure 6 ). Later, several training workshops were held to train teachers how to use the digital libraries. These teachers were first introduced to the concept of digital libraries and their educational applications. Then, the speaker demonstrated how to use a web-based interactive map to retrieve resources related to the curriculum. At the end of the workshops, questionnaires were dispatched to assess their impressions and intention to use these materials. Table 1 shows the workshop attendants' positive attitude toward these materials. 
Follow-up evaluation
Six months after the workshops, the research team interviewed the attendants on the phone to understand the status of their digital library utilization. Surprisingly, none of the interviewees actually used these resources in the classroom. The major reason for not using these media was a lack of time. Since the textbooks used in the classroom were not cityoriented, teachers had to spend time retrieving related information for certain cities. Teachers were too busy to re-organize these materials for instruction. If the resources could be designed as independent components according to the concepts in the textbooks, teachers could easily select related media and assemble them as teaching resources.
Enhancement stage: Revision for teachers' needs
In light of the importance of providing easy access to media for instruction, the research team selected themes on domestic geography in the social studies curriculum as the teaching content and designed computer animations as the instructional media to foster teachers' interests in integrating technology with classroom instruction. There were two major enhancements: one was to organize the resources into the structure of the textbooks, and the other was to organize the resources into themes.
Resources in textbook structure
The goal at this stage was to bridge the gap of expected usability between the instruction material developers and the practicing teachers. From the perspective of the teachers, integrating the GIS and digital archives with the existing curriculum as packages would help teachers to use these instruction materials. The tasks of this project included selecting related units in the textbooks, searching for useful resources in the digital archives, and then designing instruction plans and digital resources. 
Resources in theme structure
The themes related to geographic subject content in the elementary and junior high school social studies curriculum were associated with the topics of population, economy, settlement and traffic, as well as regional development and environmental protection. With the combination of texts, pictures, digital maps, simulated animations and games, these elearning resources supported teachers in constructing a learning environment to engage students in learning and discussion. Animated simulations were used to illustrate abstract concepts. For example, an animation with different phases of urbanization aroused students' feelings towards various environments, and provided students with a context to share their experiences (see Fig. 7 ). This was helpful for teachers to explain the process of how a settlement develops in the suburbs. As Brookfield (1987) pointed out, the process of internally examining and exploring an issue of concern, when triggered by a relevant experience, creates and clarifies meaning in terms of self and results in a changed conceptual perspective. Thematic maps were used for cross-referencing to create meaningful learning. Animations provided cross references associated with a particular topic, to encourage students to reason and seek evidence for arguments. To develop their critical perspective, students need to reason within various points of view and use evidence in order to draw conclusions, make decisions or seek solutions. For example, to answer why the intensive construction of traffic infrastructure was needed on the west coast, a link to a population distribution map and a traffic network map provided evidence for reasoning (see Fig. 8 ). In addition, statistical data could be converted into a graphical form to facilitate comprehension (see Fig. 9 ). 
Future works
The future work is to develop digital media and activities on interactive whiteboards based on the digital archive resources. The research team will first search and organize the resources in the digital archive project, and then integrate in a spatial concept with touchcontrol operations to design efficient instructional activities and media. For example, as shown in Fig. 10 , an interactive tool for settlement planning was developed for students to practice their urban design. Using drag and drop operations, students arranged constructions such as buildings or airports according to their ideal locations to build a village or city. Students' works were then be presented and evaluated by classmates. Students with diversified backgrounds and values designed cities with a variety of features and functionalities. The teacher used challenging questions to inspire students to respond, expand and develop the topics during critical-talk lessons. In addition, an interactive quiz to compare traffic infrastructure was used to attract students' attention and efforts on reaching consensus (see Fig. 11 ). According to Moon (2008) , peer assessment provides practice in making judgments on the basis of evidence. The act of assessing the work of another is a matter of making a judgment. It more deeply involves learners in the process of metacognitive critical thinking skills. 
Conclusions
Web-based instruction is known for its media-rich online environment, providing users access to remote resources for self-paced learning. Although a number of schools have designed educational websites to integrate in-classroom learning activities with the school curriculum, designing effective learning resources based on sound educational theory will encourage students and teachers to use them more often. Constructivist educational models are based on the theory that instead of being passive receivers of information, learners should be active explorers of their own understandings. Teachers and technology merely serve as mediators or guides to support the development of learners. Several researchers have treated technology as a vehicle to foster active learning and believe that such learning environments motivate and facilitate the acquisition of knowledge by providing an intuitively comprehensible context (Milson & Earle, 2007; Papert, 1980; Piburn, Reynolds, MacAuliffe, Leedy, & Birk, 2005) . The prevalence of computer usage in schools is driving the need to understand its effects on learning when technology is integrated within instruction. The experiences of this project addressed the needs of teachers to enhance students' geographical knowledge through the use of GIS-based resources. Such knowledge is a useful reference when examining issues related to educational practices using digital libraries.
